Members of the cysteine-and glycine-rich protein family (CRP1, CRP2, and CRP3) contain two zinc-binding LIM domains, LIM1 (amino-terminal) and LIM2 (carboxyl-terminal), and are implicated in diverse cellular processes linked to differentiation, growth control, and pathogenesis. Here we report the solution structure of full-length recombinant quail CRP2 as determined by multi-dimensional triple-resonance NMR spectroscopy. The structural analysis revealed that the global fold of the two LIM domains in the context of the full-length protein is identical to the recently determined solution structures of the isolated individual LIM domains of quail CRP2. There is no preference in relative spatial orientation of the two domains. This supports the view that the two LIM domains are independent structural and presumably functional modules of CRP proteins. This is also reflected by the dynamic properties of CRP2 probed by 15 N relaxation values (T 1 , T 2 , and nuclear Overhauser effect). A model-free analysis revealed local variations in mobility along the backbone of the two LIM domains in the native protein, similar to those observed for the isolated domains. Interestingly, fast and slow motions observed in the 58-amino acid linker region between the two LIM domains endow extensive motional freedom to CRP2. The dynamic analysis indicates independent backbone mobility of the two LIM domains and rules out correlated LIM domain motion in full-length CRP2. The finding that the LIM domains in a protein encompassing multiple LIM motifs are structurally and dynamically independent from each other supports the notion that these proteins may function as adaptor molecules arranging two or more protein constituents into a macromolecular complex.
The cysteine-and glycine-rich CRP 1 proteins are encoded by a gene family (1) that includes three related but distinct members: the CSRP1 gene originally identified in human (2) , the CSRP2 gene first isolated from quail (3) , and the CSRP3 gene originally cloned from rat and chicken (4) . The CRP1, CRP2, and CRP3 proteins contain 192-194 amino acid residues, display overall amino acid sequence identities ranging from 63 to 79%, and share identical domain topologies (1, 5) . They contain two LIM motifs in their amino acid sequences, an amino-terminal LIM1 domain, and a carboxyl-terminal LIM2 domain, each followed by a 12-amino acid glycine-rich repeat. The LIM motif occurs in single or multiple copies in many proteins of diverse regulatory functions and is defined by two cysteine-rich zinc finger structures separated by a 2-amino acid spacer (6, 7) . In CRP proteins, it conforms to the 52-amino acid consensus sequence CX 2 CX 17 HX 2 CX 2 CX 2 CX 17 CX 2 C (1, 5) . Each CRP LIM motif contains two tetrahedral Zn(II)-coordinating sites of the CCHC and CCCC type, respectively (8 -10) . CRP proteins and their LIM domains are implicated in specific protein-protein interactions, in particular involving cytoskeletal components like zyxin, actin, and ␣-actinin (11) (12) (13) (14) (15) . On the other hand, specific nuclear interactions of CRP3 (also termed MLP for muscle LIM protein) with the myogenic basic helix-loop-helix (bHLH) transcription factor MyoD were reported to enhance the DNA-binding activity of the MyoD⅐E47 transcription factor complex (16) . Although the molecular function of CRP proteins and the nature of their cellular targets have not been rigorously defined yet, there is increasing evidence that the CSRP genes and their protein products play a key role in regulatory processes linked to cell growth and differentiation. For example, CRP3/MLP was identified as a positive regulator of myogenesis (4), and CSRP3-deficient mice were shown to exhibit a disruption of cardiac cytoarchitectural organization and heart failure (17) . Three-dimensional solution structures have been determined for recombinant polypeptides containing the carboxylterminal LIM2 domains of chicken CRP1 (18) or quail CRP2 (19) , the amino-terminal LIM1 domain of quail CRP2 (20) , or the single LIM domain of the cysteine-rich intestinal protein, CRIP (21) . These studies defined a highly conserved general LIM domain protein fold and also showed that the structure of the CCCC subdomain is strikingly similar to that of the DNAinteractive CCCC zinc fingers of the GATA-1 and steroid hormone receptor DNA binding domains determined previously (22, 23) . So far, no structure determination has been performed for a native LIM protein containing more than one LIM domain, and it has not been assessed yet whether the global fold of an isolated individual LIM domain remains unchanged in the context of a full-sized protein containing multiple LIM domains. Furthermore, the intriguing question of whether the LIM domains within a protein containing multiple copies of this motif have a preferential spatial orientation to each other or even display distinct direct interactions has not been addressed yet.
Here we describe the solution structure of uniformly 13 C/ 15 Nlabeled full-length quail CRP2, representing the first structure determination for a protein containing multiple LIM domains, and compare it to the structures of the isolated amino-terminal LIM1 and carboxyl-terminal LIM2 domains from the same protein. Furthermore, the backbone dynamics of CRP2 were investigated using two-dimensional 15 15 N magnetization. The results provide unequivocal evidence that the two LIM domains of CRP2 are autonomously folded structural modules with independent backbone mobility and no preference in relative spatial orientation.
EXPERIMENTAL PROCEDURES

Construction of a pET Expression Plasmid Encoding Recombinant
Quail CRP2-A polymerase chain reaction (PCR) was performed using DNA from the gt10 clone W15 containing quail CSRP2 cDNA (3) as a template and the oligonucleotides 5Ј-d(CTAAAGGCCTAACTGGGGA-GGTGGCAAC)-3Ј and 5Ј-d(CTTATGAGTATTTCTTCCAGGGTA)-3Ј (gt10 reverse sequencing primer) as 5Ј and 3Ј primers, respectively. The 5Ј primer corresponds to nucleotides 4 -31 of the published quail CSRP2 cDNA sequence (3) with nucleotide substitutions (shown in italic type) at its 5Ј end introducing a novel StuI site (AGGЈCCT). The PCR product was digested with StuI and HindII (GTYЈRAC). The 673-nucleotide fragment was ligated into expression plasmid pET3d (24) , which had been cut by NcoI (CЈCATGG) and then blunt-ended by filling in overhangs using Klenow DNA polymerase. In the course of this cloning strategy, the codon for Pro 2 was changed from CCG to CCT. The ATG start codon was provided by the vector, and the TGA stop codon was derived from the CSRP2 coding region. To rule out PCR-induced mutations and to verify the integrity of the CSRP2 coding region, the entire nucleotide sequence of the inserted PCR fragment was determined by the dideoxynucleotide chain termination method using a T7 sequencing kit (Pharmacia, Vienna, Austria) and pET-specific primers. The expression plasmid pET3d-qCRP2 constructed in this way encodes the full-length 194-amino acid quail CRP2 protein (3) .
Purification of Recombinant Quail CRP2-The bacterial expression and purification of the full-length CRP2 protein was performed essentially as described for recombinant protein CRP2(LIM2) containing the carboxyl-terminal LIM2 domain (19) . A gel filtration step was added as described previously for the purification of recombinant protein CRP2(LIM1) containing the amino-terminal LIM1 domain (20) to remove impurities from the CRP2-containing fractions of the CM-52 cation-exchange chromatography. Fractions of the chromatography eluates were analyzed by a photometric assay (25) and by SDS-polyacrylamide (12%, w/v) gel electrophoresis to determine protein concentration and purity. The final yield of homogeneous CRP2 was approximately 20 mg/liter of bacterial culture. The structural integrity of the protein preparation was verified by amino-terminal amino acid sequencing (F. Lottspeich, Max-Planck-Institute of Biochemistry, Martinsried, Germany). For NMR analysis, protein samples were concentrated by centrifugation through Centriprep 10 ultrafiltration filters (Amicon, Witten, Germany).
Uniform 13 C and 15 N labeling of CRP2 was performed by growing a 1:100 dilution of a bacterial culture pre-paved overnight in ZB-media (5 g of NaCl and 10 g of NZ-amine (Aldag, Hamburg, Germany) in 1 liter of water) in minimal medium (4.8 g of Na 2 HPO 4 , 3 g of KH 2 PO 4 , 0.5 g of NaCl, and 1 g of 15 NH 4 Cl in 1 liter of water) supplemented with 20 ml of an 18% (w/v) [ 13 C]-D-glucose solution, 2 ml of 1 M MgSO 4 , 4 ml of 10 mM ZnSO 4 , and ampicillin and chloramphenicol to final concentrations of 100 g/ml and 25 g/ml, respectively.
15 NH 4 Cl (98% isotope purity) and [
13 C]-D-glucose (99% isotope purity, uniformly labeled) were purchased from CIL (Andover, MA). After reaching an optical density of 0.5 at 600 nm, cells were induced to express 13 C/ 15 N-labeled CRP2 by the addition of isopropyl-␤-D-thiogalactoside to a final concentration of 0.5 mM, and the incubation was continued for 3 h at 37°C. The purification procedure was as described above. The final yield of purified 13 C/ 15 Nlabeled CRP2 was approximately 18 mg/liter of bacterial culture.
NMR Spectroscopy-All NMR experiments were performed on a Varian UNITY Plus 500 MHz spectrometer equipped with a pulsed field gradient unit using a triple-resonance probe with actively shielded z gradients. The sample contained 0.7 mM CRP2, 20 mM potassium phosphate, pH 7.2, 50 mM KCl, and 0.5 mM dithiothreitol in 90% H 2 O, 10% 2 H 2 O. All spectra were recorded at 26°C. Experiments involving amide proton detection used pulsed field gradients for coherence transfer pathway selection (26 -28) making use of an enhanced sensitivity approach (29, 30) with minimal H 2 O saturation and dephasing (31) (32) (33) .
The following experiments were used in the present study: two-dimensional 15 N HSQC (26, 34) , three-dimensional 15 N TOCSY-HSQC (mixing time 75 ms) (35) , 15 N NOESY-HSQC (mixing time 150 ms) (36, 37), HNCO (33, 38) , HNCACB (39) , CBCA(CO)NH (40) , and HCCH-TOCSY (41) . The TOCSY was acquired using DIPSI-2 (42) for isotropic mixing. The three-dimensional TOCSY-and NOESY-HSQC spectra were performed including a water flip-back pulse to minimize the effects of radiation damping and solvent exchange (31, 32 (43), whereas experiments which detected aliphatic protons during acquisition made use of GARP for 13 C decoupling (44) . Where necessary (e.g. HNCACB), carbonyl decoupling was achieved using a SEDUCE-1 13 C decoupling sequence centered at 178 ppm (45) . Quadrature detection in all of the indirectly detected dimensions was achieved via States-TPPI (46) . Spectra were processed using NMRPipe software (47) and visualized and assigned using AN-SIG software (48, 49) . The number of data points was doubled by either mirror image linear prediction (for constant time evolution) or forwardbackward linear prediction (nonconstant time evolution) in the indirect dimensions prior to zero-filling and FT.
15
N Backbone Relaxation-Dynamic information was obtained from measuring 15 N T 1 , T 2 , and heteronuclear 1 H-15 N NOE, using protondetected sensitivity-enhanced pulse schemes (50) . T 1 , T 2 , and NOE spectra were recorded as 64*512 complex matrices with 32 scans per complex t 1 point. The T 1 experiment was recorded with five delays of 0, 150, 300, 450, and 600 ms, while the five delays in the T 2 experiment were 0, 45, 90, 135, and 180 ms.
1 H- 15 N NOE values were determined from two spectra, recorded with and without 1 H saturation. A recycle delay of 6 s was employed for the spectrum recorded in the absence of presaturation, whereas a 3-s recycle delay followed by a 3-s period of proton saturation was used in the NOE experiment. The NOE enhancements were taken as ratios of peak volumes in the two sets of spectra. T 1 and T 2 times were determined from a nonlinear least-squares fit of an exponential curve to the measured peak volumes. To interpret the dynamic information contained in the 15 N relaxation rates, either the model-free approach (51, 52) or the extended treatment including an additional Lorentzian term for the expression of the spectral density function (53, 54) were employed. To determine the overall correlation time ( m ), a grid search in m was performed while optimizing the order parameter (S 2 ) and the effective correlation time ( e ) for each residue. Using this optimum m as a starting point, the correlation time was refined in an iterative manner by accounting for more sophisticated motional models and exchange terms (k ex ), respectively. The grid search for obtaining m values was performed by either a separate fit using residues located in one of the two individual LIM domains or by a simultaneous fit using residues distributed within both LIM domains.
RESULTS AND DISCUSSION
Preparation of Recombinant CRP2-A constructed derivative of the pET3d expression vector directed the synthesis of a 194-amino acid polypeptide representing full-length quail CRP2 with a calculated M r of 20,911 and an estimated isoelectric point of 8.72. The highly soluble recombinant protein was purified to homogeneity in two steps employing CM-52 cation exchange and gel filtration chromatography. The identity and purity of recombinant CRP2 was confirmed by amino-terminal amino acid sequencing which revealed that the bacterially produced mature protein lacked the initiating methionine residue. The yields of unlabeled protein produced by bacteria grown in standard NZCYM growth medium and of 13 C/ 15 N-labeled CRP2 produced in minimal medium were in a similar range (18 -20 mg/liter of bacterial culture). The amino acid sequence and domain topology of quail CRP2 deduced from the nucleotide sequence of CSRP2 cDNA (3) are shown in Fig. 1 .
NMR Analyses-From the 15 N-1 H HSQC analysis shown in Fig. 2 it can be inferred that CRP2 adopts a partially well defined structure in aqueous solution. However, rapid proton exchange with the bulk solvent and/or rapid conformational exchange prohibited the NMR detection of all backbone amide NH groups under the current experimental conditions, and approximately 146 of the 185 non-proline residues in CRP2 could be detected. Similar observations had been made in the structure analyses of recombinant polypeptides containing the individual LIM1 or LIM2 subdomains (19, 20) . The superposition in Fig. 2 shows that almost all of the NH cross-peaks in full-length CRP2 occur at the same frequency positions as those observed for the two isolated fragments (19, 20) . Notable exceptions are backbone amide NH groups (cf. boxed regions in The left and right panels show the CBCA(CO)NH and HNCACB spectra, respectively. In the CBCA(CO)NH spectra, only sequential connectivities are detected, whereas in the HNCACB spectra principally both intraresidue and sequential connectivities are monitored. For some residues, however, the sequential connectivities are less intense and barely visible. Sequential (interresidue) connectivities are marked by i-1, whereas intraresidue connectivities are denoted by i. The dotted line connects C ␣ and C ␤ peaks. All spectra were recorded at 26°C with a sample of 13 C/ 15 N-labeled full-length 194-amino acid CRP2 in the buffer described in Fig. 2 Fig. 2 ) located in the glycine-rich repeat (Gly 67 to Gly 78 ) which forms part of the linker bridging the two LIM domains in native CRP2. They become detectable in the full-length CRP2 because of the covalent connection between the two LIM domains that presumably results in a decrease of conformational exchange. In the isolated fragments CRP2(LIM1) and CRP2(LIM2), residues in this part of the molecule could not be detected. Nevertheless, an independent signal assignment was obtained from a series of triple-resonance correlation experiments that exploit larger heteronuclear scalar couplings to establish connectivities between nuclei. A triple-resonance approach readily facilitated even the backbone assignment of some amide NH groups that could not be assigned in the isolated CRP2 fragments labeled with 15 N only (19, 20 63 , Cys 168 , and Cys 171 led to the immediate identification of these residues, and hence they served as starting points for the signal assignment. The majority of the backbone signals could then be assigned on the basis of the CBCA(CO)NH and HNCACB experiments, with some remaining ambiguities resolved by an additional HNCO (33, 38) experiment. In particular, residues of the linker region within or adjacent to the glycine-rich repeat following the amino-terminal LIM1 domain could readily be assigned based on CBCA(CO)NH and HNCACB connectivities (Fig. 3) . Although some residues only showed intraresidue cross-peaks in the HNCACB spectrum (e.g. residues within or adjacent to the glycine-rich repeat), this did not impede signal assignment of the C ␣ and C ␤ carbons. Side chain 13 C and 1 H assignments were carried out using the 13 C HCCH-TOCSY experiment (41) . In addition to the backbone 15 N and NH resonances, the side-chain protons in fulllength CRP2 also exhibited no significant chemical shift changes as compared with their resonances in the isolated LIM domains. In particular, the side-chain protons of residues involved in hydrophobic interactions that determine the compact packing at the interface of the CCHC and CCCC subdomains (e.g. Leu 44 (19, 20) .
Chemical shift deviations of C ␣ and C ␤ from random coil offered additional insight into the conformation of full-length CRP2 (Fig. 4) . The ␤-strands exhibited a typical C ␣ upfield shift, whereas C ␣ carbons in the helical region were clearly shifted toward lower field (55) (56) (57) . An opposite shift dependence (55-57) was found for the C ␤ carbons (data not shown). It is evident from Fig. 4 , that the two LIM domains have an essentially identical tertiary fold within the context of the native CRP2 protein. Thus, the alignment of secondary structures and the overall tertiary structures of the two LIM domains in full-length CRP2 are identical to those in the two isolated fragments CRP2(LIM1) and CRP2(LIM2).
15 N Backbone Relaxation-From the 146 cross-peaks detected in the two-dimensional 15 N-HSQC spectra, 56 crosspeaks could be analyzed. Cross-peaks showing partial overlap were omitted from the analysis. The standard deviations of the fitted T 1 and T 2 values were all less than 10%, with the majority being less than 5%. The T 1 and T 2 relaxation times and the steady-state NOE values of 15 N magnetization caused by 1 H saturation are plotted against residue numbers in Fig. 5 . It is evident, that residues located in the well defined structured regions in CRP2 comprising the two independently folded LIM domains exhibit on average smaller T 1 relaxation time and significantly larger steady-state NOE values. In contrast, residues located in the linker region within or adjacent to the glycine-rich repeat (Gly 67 -Gly 78 ) show distinctly high T 1 and negative NOE values. This pattern clearly indicates that residues in the linker region following the carboxyl-terminal ␣-helix of LIM1 and extending through the glycine-rich repeat show distinctly higher flexibility than the structured parts. Significantly, the majority of residues located between the first glycine-rich repeat and the second LIM domain were undetectable and could not be assigned. This result provides evidence for a flexible linker region between the two LIM domains in CRP2. 15 N relaxation data were analyzed in terms of the so-called 'model-free approach' (51, 52) and extensions thereof (53, 54) . The relative uniformity of T 1 /T 2 ratios for residues located in well defined secondary structure elements suggests that the assumption of isotropic overall tumbling is justified. The overall correlation time m was determined either by simultaneously fitting residues located in both LIM domains or a separate fit of residues in the two domains. The optimal values were 7.4 ns for simultaneous and 7.2 ns for separate optimization, respectively, which is rather small for a 194-amino acid protein for which an overall correlation time of about 14 ns would be expected (58) . The overall correlation times of the isolated amino-terminal LIM1 and the carboxyl-terminal LIM2 domains of CRP2 were found to be 5.6 ns (20) and 6.2 ns, 2 respectively. The slightly higher m value for full-length CRP2 compared with the isolated LIM domains CRP2(LIM1) and CRP2(LIM2) is most likely related to the covalent connection of the two LIM domains. It indicates that the two LIM domains within the context of the full-length protein display independent overall tumbling and that they are not connected through tight contacts or interactions with each other. The presence of a defined domain arrangement would lead to a change in the tensor components of the rotational diffusion tensor and to more native-like dynamics with significantly larger m values. This is incompatible with the observed m values and with the observation of equivalent T 1 /T 2 ratios for residues located at corresponding positions in the LIM1 and LIM2 domains. Hence, the independent and essentially unchanged overall tumbling of both LIM domains within the context of full-length CRP2 rules out that there is a distinct relative domain arrangement in CRP2. The m value also suggests that CRP2 does not homodimerize in solution under the conditions used for the NMR measurements, which is in contrast to a previous report proposing dimerization of CRP1 based on biochemical studies (59) . The relaxation parameters (T 1 , T 2 , and NOE) were fitted independently using five spectral density models which optimized the following parameters: S 2 ; S 2 and e ; S 2 and k ex ; S 2 , e , and k ex ; S s 2 , S f 2 , and s (51) (52) (53) (54) . Relaxation parameters calculated from the spectral density functions were compared with experimental values using a 2 function as defined previously (50) . For all residues considered in the analysis, the three relaxation parameters were fit within 95% confidence limits. The results of the 15 N relaxation measurements are illustrated in Fig. 6 in which order parameters (S 2 ) and exchange contributions (k ex ) are plotted as a function of residue position. For D) domains are shown, revealing the differential distributions of hydrophobic residues and of the electrostatic surface potential within the two domains. In the surface structures, hydrophobic residues are shown in white, positively charged residues in blue, and negatively charged residues in red. The electrostatic surface potential was calculated using the program MOLMOL (65).
those residues that could unambiguously be used in the definition of the local dynamics, no significant deviations for order parameters or exchange contributions were found. In summary, these results indicate that the individual LIM domains in full-length CRP2 display independent tumbling with minor motional hindrance imposed by the covalent linker and do not show any preference in relative spatial orientation.
Functional Aspects of Independent LIM Domain Motion in CRP Proteins-The different CRP family members derived from a given species display overall amino acid sequence identities ranging from 63 to 79% (1, 5) and share identical domain topologies. Furthermore, NMR structure analyses of three isolated LIM domains from avian CRP family members CRP1 (LIM2; Ref. pack together via hydrophobic interactions, forming a highly compact structure (18 -20) . The relative orientations of the CCHC and CCCC subdomains differ between the amino-and carboxyl-terminal LIM domains of the CRP protein family. In the LIM2 domains, the second (␤-strands III and IV) and the fourth (␤-strands VII and VIII) ␤-sheet are aligned in a parallel fashion (18, 19) . In LIM1, the fourth ␤-sheet is rotated clockwise relative to the second (20) . However, the relative orientation of the two zinc-binding sites in LIM1 is less static but rather time-dependent, apparently as a consequence of weaker packing interactions in the hydrophobic core. This was also supported by NMR relaxation measurements. Significant backbone motions were found for residues involved in the formation of the hydrophobic core of LIM1, most likely reflecting the time-dependent orientation of the two zinc-binding sites. This difference in orientation leads to a widening of the hydrophobic core region with an extended hydrophobic groove, and hence to a different exposure and accessibility of residues located at the interface of the CCHC and CCCC subdomains. However, it remains to be determined whether the relative orientation of the two zinc-binding sites is an intrinsic rigid feature of the LIM domain or, alternatively, might be adjustable in the course of specific interactions with authentic binding partners. Such a conformational switch could be used synergistically to modify binding affinities of LIM domains in the context of a macromolecular complex.
Interestingly, the amino-terminal and the carboxyl-terminal LIM domains also differ in terms of surface exposure of residues and chemical surface characteristics. Fig. 7 shows a comparison of the surface maps for the LIM1 and LIM2 domains in CRP2. Both views demonstrate that the amino-terminal LIM1 domain contains a continuous hydrophobic patch surrounded by clusters of positively or negatively charged residues. Significantly, these hydrophobic residues are conserved or substituted by chemically similar residues in all CRP family members (1, 5) . This indicates that the CRP LIM1 domains have conserved surface characteristics and hence expose similar amino acid residues that may be involved in the specific recognition of binding partners. In contrast, in the carboxyl-terminal LIM2 domain, the stretch of hydrophobic residues is interrupted by conserved charged residues. For example, the hydrophobic residues Ala 12 and Ile 51 in LIM1, which are part of the hydrophobic patch (cf. Fig. 7, A and C) , are substituted by Arg 122 and Glu 161 (cf. Fig. 7 , B and D) at the analogous sequence positions in LIM2 (cf. Fig. 1 ). These diverse surface characteristics of LIM domains could possibly explain the results of biochemical studies showing that individual LIM domains within a single protein clearly display distinct binding partner preferences. In the cytoskeletal LIM protein zyxin, only one of the three LIM domains, the amino-terminal LIM1 domain, displays binding affinity to the CRP family member CRP1 (11, 13) . Furthermore, the ␣-actinin binding site of CRP1 was mapped to the amino-terminal LIM1 domain. Using indirect immunofluorescence, it was demonstrated that full-length CRP1 and a polypeptide containing the isolated amino-terminal LIM1 domain localize along actin stress fibers in chicken fibroblasts and smooth muscle cells, whereas a polypeptide containing the isolated carboxyl-terminal LIM2 domain of CRP1 fails to associate with the cytoskeleton (15) . LIM domain selectivity was also demonstrated for the muscle LIM protein CRP3/MLP. The amino-terminal LIM1 domain was shown to be responsible for the specific interaction of CRP3/MLP with the basic helix-loop-helix (bHLH) transcription factors MyoD, MRF4, and myogenin (16) . Strongly selective binding preferences were also identified for the LIM domains of other LIM proteins, including Enigma, rhombotin, and LIM-homeodomain proteins (60 -64) .
The structural features of full-length CRP2 are summarized in Fig. 8 . The structural and dynamic data reported here reveal unambiguously that the tandemly arrayed LIM domains in full-length CRP2 are autonomously folded structural modules connected via a flexible linker. They do not show tight direct interactions and, in the absence of a binding partner, display motional freedom and independent spatial orientation. The inherent motional dynamic of CRP2 has a number of important implications for the function of CRP proteins. It has been proposed that CRP proteins might function as adaptor molecules that serve to arrange two or more constituents of a macromolecular complex, for example as part of a nuclear transcription complex (16) or of a cytoskeletal complex involving zyxin, actin, ␣-actinin, and possibly other yet unidentified protein binding partners (11) (12) (13) (14) (15) . The length of the flexible linker region (ϳ 50 amino acid residues) enables the two LIM domains in the full-length CRP2 protein to sample a substantial conformational space and allows for a significant variability in the spatial separation of the two domains. It also provides a means to display different surfaces of the two LIM domains and hence differentially adjust the putative interaction site. Although there is only limited knowledge about the nature of the physiological targets for CRP proteins, our results strongly suggest that the nearly unrestricted segmental motion of the two LIM domains in these proteins is a necessary prerequisite for their simultaneous or sequential association with one or more partner molecules.
